Introduction

30
Environmental contamination with polycyclic aromatic hydrocarbons (PAHs) is a matter 31 of concern, as this contamination is widespread in both marine and terrestrial environments and 32 some PAHs are carcinogenic (Neff, 1985; Ariese et al., 1993; Giessing et al., 2003a) . PAH 33 pollution originates from both natural and anthropogenic sources, the latter being the major 34 contributor (Levin, 1995) . Being natural components of fossil fuels, PAHs are emitted to the 35 environment due to incomplete combustion and as a result of crude oil spillages (Walker et al., 36 2001). Generally, environmental exposure of organisms to PAHs is assessed by monitoring their 37 environment (sediment/soil, water, and air), and routine monitoring of contaminants levels in the Pyrene is a constituent of all environmental mixtures of PAH (Levin, 1995; Jongeneelen et 44 al., 1985) . Pyrene is not particularly toxic and only one phase I metabolite, 1-hydroxypyrene, is 45 formed by biotransformation process in eukaryotic organisms (Giessing et al., 2003a) . As this is 46 an extensive analytical advantage, pyrene is a widely used model compound in studies of PAH 47 PAH mixtures, 1-hydroxypyrene can be used as a biomarker of total PAH exposure (Levin, 1995) . 49 1-Hydroxypyrene was introduced as a biomarker of human occupational PAH exposure by 50 Jongeneelen et al. (Jongeneelen et al., 1985) . Its applicability as a biomarker in humans has been 51 tested and verified in hundreds of studies (Levin, 1995 Levin et al., 1995; Strickland and Kang, 1999; . Based 54 on a robust and non-laborious analytical method urinary 1-hydroxypyrene is a useful biomarker of 55 human PAH exposure (Jongeneelen et al., 2001 ). In fish, PAH exposure can be assessed by 56 screening the gall bladder bile for 1-hydroxypyrene (Ariese et al., 1993; Aas et al, 1998) . Also in 57 several invertebrate species, e.g. Dungeness crab and the terrestrial isopod Porcellio scaber, 1-58 hydroxypyrene has been used as a suitable indicator for PAH exposure (Eickhoff et al, 2003;  59 Stroomberg et al., 1999) . In the present study we extend the use of 1-hydroxypyrene as biomarker 60 of environmental PAH exposure to marine sediments, by use of the sessile infaunal invertebrate 61 species of marine polychaete Nereis diversicolor.
62
Analytical methods for identification and quantification of PAHs and their metabolites 63 usually involve chromatographic separation by high-performance liquid chromatography (HPLC) 64 or gas chromatography (GC) with mass spectrometric or fluorescence detection (Ariese et al., 65 1993; Lin et al., 1994) . The total analysis time using these methods is considerable in comparison 66 to fluorescence spectroscopy methods. Environmental monitoring often requires screening large 67 numbers of samples and, therefore, it is desirable to use a simpler, less expensive and time 68 consuming method to assess PAH exposure than, for example, gas chromatography with mass showed the usefulness of 1-hydroxypyrene measured by SFS as a biomarker for pyrene exposure 84 in Nereis diversicolor, demonstrating a good correlation between SFS and HPLC with ultraviolet 85 detection (HPLC/UV) measurements of 1-hydroxypyrene (Giessing et al., 2003b) . In the present 86 study the formation of pyrene metabolites in the marine polychaete Nereis diversicolor was 87 investigated, with special attention given to the detection of 1-hydroxypyrene using SFS. HPLC/F 88 and GC/MS were used as complementary methods for confirmation of the SFS results.
89
To evaluate the feasibility of 1-hydroxypyrene as biomarker for assessing environmental 90 exposure to PAHs, the correlation between 1-hydroxypyrene and total PAH content in animal 91 tissues and sediment was investigated in experiments, where Nereis diversicolor was exposed to 92 mixture of different PAHs. Accordingly, the objectives of this study were to evaluate the 93 feasibility of (i) 1-hydroxypyrene in polychaete worms as a biomarker for assessing total PAH 94 exposure, and (ii) a rapid SFS method for identification and quantification of 1-hydroxypyrene. centrifuged at 3000 g for 5 min at 4˚C to precipitate denatured protein.
175
The supernatant from both treatments was transferred to brown HPLC vials and analyzed 176 using HPLC/F and SFS. The identification and quantification of 1-hydroxypyrene and parent PAHs was performed 224 using external standard dilutions of these compounds in methanol. hydroxypyrene peak and has a maximum intensity at an excitation wavelength of 346 nm ( The maximum fluorescence intensity for the pyrene peak in the reference standard sample 285 was at 336 nm ( Fig. 1 A ii) . However, pyrene was never detected in the tissue samples using SFS 286 or HPLC/F, after enzymatic treatment of the sample. Pyrene was below the detection level in 287 these samples, probably due to precipitation with the enzyme and other organic matter during the 288 enzymatic hydrolysis procedure. 289 An overlay of spectra of the tissue samples from the worms exposed to five different 290 PAHs, before and after enzymatic treatment is shown in Fig. 1 B, together with the spectra of 291 unexposed worms from the same experiment and 1-hydroxypyrene reference standard solution 292 (same as in Fig. 1 A) . The conjugated metabolite peak is, as well as in the pyrene exposure 293 experiment, blue shifted in relation to 1-hydroxypyrene, having its maximum fluorescence at 294 346.9 nm (Fig. 1 B iv) . 295 The first broad band at around 280 nm present in all samples (Fig. 1 A, Fig. 1 B) 296 represents traces of protein-lipid matrix, which cannot be completely removed after precipitation 297 7 by ice-cold ethanol and centrifugation. Spectra from unexposed worms (Fig. 1 A i, Fig. 1 B i ) 298 showed no peaks other than this broad protein band with varying intensity, in agreement with a 299 previous study (Giessing et al., 2003b) . 300 The main feature of both figures (Fig. 1 A and Fig. 1 B) is spectral similarity. After 301 preparative treatment, tissue extracts from organisms exposed to several different PAHs reveal 302 similar characteristics as samples from animals exposed only to pyrene. Evidently from the Fig. 1 The amount of remaining conjugates in the tissues of animals exposed to the five PAHs is 333 higher than in animals exposed to pyrene only. Animals exposed to five different PAHs produce 334 many other conjugated metabolites than those of pyrene, hence, competition of substrates for the 335 enzyme is possible, and increased amounts of enzyme should be added. 336 Complete hydrolysis of the conjugated 1-hydroxypyrene was not an obligatory condition 337 for this study, as there were no noticeable spectral interferences for the SFS analysis that could be 338 caused by conjugated metabolites after deconjugation with enzymatic hydrolysis. In the concentration-response relationship experiment, worms exposed to pyrene showed 363 increasing accumulation of pyrene and production of 1-hydroxypyrene with increasing exposure 364 concentration (Fig. 3) . The exposure period was 5 days, because a pyrene accumulation study by The sediment total PAH content after the experiment was analyzed using GC/MS, 449 recovery of the method ranged between 60-77% showing good recovery of the extraction method 450 for the sediment GC/MS analysis. The total PAH content of the sediment after the experiment was 451 lower than the nominal concentrations (Fig. 5) , due to PAH loss during the experiment, such as 452 accumulation by animals and overlying water removal, and due to the spiking procedure.
453
A strong positive and significant correlation was observed between the sum concentration 454 of the five PAHs (TPAH) and 1-hydroxypyrene concentrations measured using HPLC/F and 455 GC/MS (for both methods: Spearman's rank-order correlation r s = 0.950; P <0.01.) (Fig. 7) . To test the feasibility of quantifying 1-hydroxypyrene from worms exposed to different 508 PAHs, tissue concentrations of 1-hydroxypyrene from the five PAHs exposure experiment were 509 also quantified using HPLC/F and SFS. There was a strong positive and significant correlation 510 (Spearman's rank-order correlation, r s = 0.917; P <0.01) between 1-hydroxypyrene concentrations 511 measured by the two methods (Fig. 8) Emission Wavelenght (nm) Fig.1 . Synchronous fluorescence spectra of: A) tissue extracts of pyrene exposed worms. Unexposed worm (i); pyrene reference standard 1.4 μg ml -1 (ii); 1-hydroxypyrene reference standard, 60 ng ml -1 (iii), and tissue extracts, after (iv) and before (v) enzymatic treatment, spiking level of the sediment -30 mg kg -1 ; B) extracts from worms exposed to five PAHs -before (iv) and after (iii) enzymatic treatment, spiking level of the sediment -50 mg kg -1 , showing conjugated metabolites and the 1-hydroxypyrene peak, respectively; unexposed worm tissue sample (i) and 1-hydroxypyrene reference standard 60 ng ml -1 (ii). Table 1 . Results of correlation analysis of 1-hydroxypyrene (1-OHP) and Total PAH (TPAH) content of animal tissues, measured by three analytical methods (HPLC/F, SFS and GC/MS). r s and P values identified by Spearman's rank-order correlation (n=9).
